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Abstract

We propose a wire spark chamber experiment %o study peripheral

reactions which lead to a final state containing one or more resonances.
R + O, ++ . . o s
An example is w p 2 oA . The experiment is intended to measure a
variety of such processes simultaneously, for pions, kaons, and protons
incildent on protons. The range of four-momentum transfers will be from
. 2 . .
essentially zero to about 1 (GeV/c) . The major gozls of the experiment
1

may be summarized as follows:

1. To study the s and t dependence of the cross sections for

peripheral processes in order to check various dynamicsl models.

2. To search for new meson and baryon resonances and in favorable

cases to determine their gquantum numbers.

3. To study =n~-x and XK-x scattering in those reactions

which produce baryon resonances predeminantly by pion exchange.
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I. Physics Justification

At the energies currently available for high energy physics, a wide
variety of quasi-two-body reactions have been studied. Schematically, such

reactions may be represented by the graph below.

- >
a J ¢
e
b L
B> o a
Incident particles a and b are transformed into ¢ and d after exchange of

a particle e. Only in a limited number of reactions are ¢ and d stable
pafticles. Otherwise, they may be any of a variety of meson and baryon
resonances.

The diagrem ebove is expected to describe highly peripheral processes,

characterized by low values of four momentum transfer. Currently, the
different dynamical theories of peripheral interasctions include particle
exchange, Regge poles, Regge cuts, and the droplet and eikonal models.
The peripheral interactions have been a very.important area for interplay
between theory and experiment. IExtending information sbout such reactions
to higher energies at NAL is almost certain to have a strong impact on our
thinking.

There are a few general comments which can be made ebout the study of
quasi-two~-body reactions at NAL energies in comperison with studies being
made at present energies.

1. There will be better separation in the leboratory between the

decay products of the forwerd and backward (cm. system) resonances.

For example, at 100 GeV for K+p —>QA++, the n+ from the po is within

two degrees of the beam direction, with momentum greater than 2.5 GeV/c,

. o, .
for all p decays. The ﬁ+ from the A" is never in



this kinematic region.

2. For production of two final state resonances with given masses,
the minimum four-momentum transfer at 100 GeV is. a factor of 10
less than at 10 GeV. The very low t region will be accessible at
NAL:;, even for relatively large masses.

_So As a consequence of the two preceding comments, the chance for
discovery of presently unknown higher mass resonances Is enhanced
at NAL.

4. A majority of quasi-two-body reactions (those which do not
occur diffractively) have cross sections which rapidly decrease
with energy. It is therefore unlikely that the bubble chamber will
maintain the dominant role it has so far enjoyed for the study of

these processes.

We are proposing an experiment which utilizes counters and épark
chambers to detect some of the multiparticle final states characteristic
of quasi-two-body reactions. The expected counting rate for a microbarn
cross sectlion is zbout lOOO/day‘. The experiment is designed for the
energy range from'SC—lSD GeV. The variety of reactions accessible with
this experiment is too broad for a full discussion of all of them. In
what follows we will try to discuss some concrete examples of processes
which are typical, and which we feel might be among the more significant
aspects of the experiment. The apparaﬁué is not by any meéns a completely
genera} detector, and the examples will illustrate two conditions established
by the experimental setup: (1) That there be no neutrons involved, and
(Zj that there be no gamma rays or neutral pions outside of a small Fforward

cone. Even with these condibions, the number of interesting reactlions is

very large.



A Meson Ixchanges

Consider the reaction
+ 0, ++
TP 2pAh .

At present erergies the one pion exchange model seems successful here,
ard it is intercsting from the c*andpoihu of Regge theory that this is

true in spite of the fact that the A2 trajectory lies above the pion

1

trajectery. It could be that at NAL energies the A2 exchenge will become
LR 1 1. o ++ 2 1 . . - . :

impertant. The p and A density matrix elements will be determined Lo
check the OPE assurpticn, and the cross section as a funciion of s and ©

vill be compared with varicus theories.

i

&5
i

Another reaction which . be ippertent to study in order to comp

the results with Regge theories is

+ 0, -+
Tp P h

£

This rezetion is Thought to procead by p exchange an ¥aibits the sams
t dependence, wiih a dip at t = -0.8, as the n p charge exchange

Jt will be Important ¢ cbserve vwhether the dip exhibits an s depen

¢
¢}

in either its strength or its § wvalue. Other interesiing final stztes for
+

6}

the w0 p reaction are £ A" {p, A, exchenge), w A (p exchange) and 7
(A2 exchange).

Two rescllions which we fope to messure, and which are thought %o

proceed via X*(880) and X¥(1.420) exchange ave

% p - k°A°

- o
Xp N



Comparison of these two cross sections is a means of testing éxéhange
degeneracy for the two K¥ trajectories. The evidence at lower energies
is not very conclusive, and data at high energiesvfor this reaction and’
others involving exchange degeneracy will be interesting.

B. New Resonances

The experiment proposéd here is appropriate for detecting new
resonances. The efficiency is high for meson resonances with masses up
to at least 4 GeV and for baryon resonances up to SOmewhat lower masses.
The details of the mass resolutions and solid angle accéptances are
presented in the summary which begins the section titled Experimental
Arrangement. While the apparatus is not the last word in high resolution
missing mass devices it has good characteristics for a general survey.

C. Non-Resonant Meson Interactions

At lower energies 1t has been possible to study -y and X-x
L T3

13

scabtering by Chew-Low exirapolation for reactlions domineted by ons pion

4 :

esults for A fingl states

=
i

"

exchange. Schlein has discussed the promising
=3

(WAL 1969 Summer Study, Vol 2, p. 8), and three relevant ATV reactions

are

pp - (x7p) AT
7p - () At
Kfp - (k) At

The first reaction is important as a check, since the result (x p scat-
tering) is known. The others measure g-x and K-y elastic scattering.

In addition, there will be an opportunity to analyze data in which the

-
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final meson state is not svecifisd Lo try to extract Hotal



D. Diffraction Dissociation (Pomeron Exchange)

The experiment 1s aimed at studying processes with cross sections
of one microbarn or léss; and therefore a trigger which accepts dirf-
fractive processes is likely to swamp ﬁhe spark chamber system. We
anticipate that by running the apparatus‘for one day with a trigger that
accepts reactions which can go by Pomeron exchange we will accunulate
about 105 such events. It is cértainly worthwhile to collect such data
in an early experiment although much of the detailed physics may ultimately
be done better in a triggered bubble chamber experiment.

A typical process which will be of interest is

o - (5w ON.

While this reaction need not proceed solely by Pomeron exchange, 1f present
theoreticai ideas are correct, meson exchange will be negligible at 100 GeV

compared to Pomeron exchange. (The presence or abse

-

wce of the A reso-
nanceswill be a sensitive check for I = 1 meson exchanges, since they cannct
be produced diffractively.) The study of this reaction as a funchion of s,
t, and the mass of the three pion system will be important in checkiﬁg

ractive dissocietion of the pion. The presence

Hhy

expectations based on dif
or absence of known resonances éan be used to check theoretical predictions
of spin, parity, =nd helicity rules for diffractive processes. The data

will also be useful in loocking for new meson and baryon resonances with the

N

quantum numoers of the pion and nucleon.

E. Baryon Exchange

In contrast to the Pomeron exchange processes, we anticipate that
these cross sections may be so small that too little data will be obtained

for detailed interpratation. A sample pair of reactions which we will look

for is



ﬂ+p YN (forward) + o°
7 p W (forward) + p°

In view of our relatively poor knowledge of baryon exchanges, any data
on the s and t dependence of these reactions will be useful. Furthermore,
study of the density matrix of a backward-going meson resonance providesg

rigid constraints on the Regge parameters of the exchanged baryon.
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IT. Experimental Arrangement

A. Summary
In this section we will describe how the experiment is to be done.
Succeeding sections contain more information about some of the experi-
mental details, to back up the statements made here and to provide the
interested reader with enough material to check our conclusions.
The sketch below shows a plan view of the major items of the experi-
mental apparatus. |
1. Beam
2. Target
3. Target spectrometer (also see Section I1-B)
4. TForward spectrometer (also see Section II-C)
S¢ Gas Cerenkov counter (also see Section II-D)

6. Gamma ray detector

Two wire-chawber magnet spectrometers are indicated schematically by

dotted lines which outline the magnet poles and solid lines whichvindicate
the solid angle they cover. Tour chargsd particle trajectories, repre-
senting a "typical” p95++ final state are also shown.

The philosophy of»the experiment is that the states which are studied
are only those for which all the decay products are charged. (BExceptions

0 . . .
are made for the case of a forward = which will be discussed secparately.
] J



Furthermore, it is assumed that the ldentitles of the particles are
known: Ps T X, etc. 1In this case, moderately accurate momentum
measurements suffice to determine the mass of each of two resonances
with good accuracy. If the spectrometers were used to determine the
‘energy and momentum balance well enough to detect the presence of a slow
missing ﬂo, then much more accurate momentum measurements, and conse-
guently larger spectrometers, would be needed.

The desired reaction topology for triggering the spark chambers is
determined by counters which surround the target. There are lead-scin-
tillator shower counters for detecting gamms rays over the entire solild
angle except for a narrow forward cone X These are in veto in the trigger.
There areAscintillation counters for detecting charged particles outside
the region subtended by the spectrometers, also in veto.

In the useful solid angle of the experiment there are scintillation
counter hodoscopes which determine the number of forward charged particles
and the number of charged parbicles in the solid angle subtended by the
target spectrometer. The trigger essentizlly consists of requilrements
on the outputs of these hodoscopes in conjunction with the vetoes pre-

viously mentioned. For normal running, we will usually select events

i
o)

with two charged particles each spectrometer region. This very

strongly biases us against diffractive processes. In order Lo measure

diffractive processes, the trigger wili accept three forward-going chargsd

particles and one or three charged particles in the target spectromater.
At present energles the decay products of particle systems moving

forward and backward in the c.m. system are not well separated in the lab.

However, at NAL energies the separation should be excellent, facilitating

-0

#These counters veto gamma rays and not charged particles. They have a
front scintillator viewed by one phototube followed by a shower counter
viewed by another phototube.
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the use of the simple triggers outlined above. When the trigger re-
quirements are fulfillea, the’ wire spark chambers associated with the
spectrometers are triggered and particle trajectories are determined.

The spectrometer performance is suwmmarized below.

Spectrometer Acceptance Momentum Momentum Two Body Mass
(Square Range Accuracy Accuracy

Degrees ) (Gev/c) (%) (%)

Target (135x90) to 0.2-3.0 ~5% (1-3%), 1 %o
right and left 3 Gev
Forward 2.5x5 3.0-100 (1-2)% 1%, 1 to 4 GeV

The table gives rough averages over a wide range of momentum and angles,
but more detailed spectrometer information appears in the following
sections. Some specific examples of expected mass resolutions are as

follows:

Target spectrometer: M (wp) = 1238; MM =t 10 MeV
M (xp) = 2000; MM = 40 MeV
Forward spectrometer: M (mx) = 750; AM = T 10 MeV
M (xx) = 20003 AM = 118 MeV
M (xx) = 4000; MM = T 28 MeV

The particle identification is made in various ways, but the most

important aid is the gas Cerenkov counter. For normal running this



counter will usually be operated for .optimum differentiation of n's and
K's, in vhich case it permits positive separatibn of two-meson resonances
into w-x. -K, and K-X with an efficiency between about 50 end 100%,
depending on the resonance mass. The gas Cerenkov counter can also be
run for good differentiation of protons from mesons, but not simultaneously
wiﬁh good w-K separation.

At the target spectrometer there are three items of data which aid
in distinguishing protons from mesons:

a) The charge, for states with negative mesons.

b) The two-body kinematics, except at the symmetrical angle.

c) The energy loss in the hodoscope counters.
For distinguishing kaons frcum pions, the first method above is not aveil-
able and the other two do not work as well as for proton-meson identi-
cations. However, the presence of K meson at the target spectrometer can
be inferred from the presence of a forward K via conservation of strangs-
ness. In an analogous way, conservaticn of baryons will help in over-
determining proton-mescon Identifications.

This concludes the description of how the experiment operastes for
reactions producing only charged particles. The gamma ray detector behind

cin

<l
L

Qs

forwar

oG

the forward spectrometer is used for two additionzl types o g
final states:
. Vs - } ] o
1. A single neutral meson which decays into two gammas (a2 n,
O Y, -
an 1, or pernaps a presently unknown meson).
2. Two charged wesons and one neutral one, such as the A?.
_ c o s IO RU P
For a great majority of the reactions of type 1 which produce eitner

0 o . . TR i
% or 1 mesons the two gamma rays will strike the detector within an ares

about 30 cm. square at the center of the detector. This small region can



well have a high-quality combination of wire chambers and counters which
locate the gamma ray showers, determine whiéh has the higher energy, and
measure the total energy, to a few percent. As a result, we expect to be
able to measure the transverse momentum of the neutral meson to within
about 30 MeV/c, thereby determining the four-womentum transfer very well.
There will be a degree of redundancy which can be used to help check that
the reaction is the correct one, and it will be easy to distinguish ﬁo
mesons from no mesons.

For reactions of type 2, the neutral meson will somebimes strike the

high quality central detector too. However, in order to have good solid

w

angle coverage for high masses a larger gamma ray detector, about 1.5 x
meters in area will be constructed. This.detector will simply be a layer
of lead in front of a wire chamber plane, or perhaps two layers and two
wire chember planes. Good enough positional accuracy of the showers will
be obtained so that by womentum balance, using the charged particle data,

a reasonable 3x mass measurement can be made. The accuracy will be betwesn

gbout 1.5 and 6%, depending upon the value of the mess and the sharing of

momentum among the mesons. For high masses the accuracy is best,

4 By

A Sigma 2 computer will process the wire chamber data and counter

simultaneously monitor the overall performance of

fal)
"
.
1
f

information, an
the apparatus. At a trigger rate of gbout 10/pulse, the Sigma 2 system

will perform on-line preliminary data reduction on all trigegers. Roth

Lo}

the raw data and the preliminary results will be logged on tape. For
the particles in the forward spectrometer the preliminary anslysis will
be very good, while for particles in the terget spectromster - with its

very non-uniform field - the analysis will need later refinement.



The experimenters will thus have on-line information about the
physics output of the experiment as well as about the performance of
the apparatus. Most of this compﬁter systeﬁ will‘be debugged and
utilized during the coming year in a hybrid bubble chamber-wire chamber
experiment at SLAC. More details of the computer facilities which we

plan to use will be Tound in Section ITI.

Summing up this section, we believe that we have proposed an apparatus
of a size comparable to present day experiments, which requires a minimum
of new development work and of new capital investments, which utilizes many
resources which we glready possess, and which can provide high quality data

on a great variety of interesting strong interactions.
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Target Spectrometer

1. Kinematics

For this experiment, the major emphasis will be on events in
which the target spectrometer is used to observe only those baryon or
hyperon resonances decaying into two charged particles, a

proton and meson:

+
N¥ = p + x-

+
Y* - p + K-

Except for very low mass ¥*'s, the kinematics for either case are
very similar at a given mass so N¥ =2 p + n will be the example
used in much of the discussion of the farget specirometer.

At minimum four momentum transfer, tmin’ the N¥ is produced
at zero degrees in the laboratory, with momentum and energy deter-

mined by the equation

(B -m)% - ()%=,

Furthermore, for double resonance production, tmin is given by

2
(v

2 2 2
- -
M) (g - m))
min W2 ’
where W is the c.m. energy, Mb is the mass of the baryon resonance,
and My is the mass of the meson resonance, and Mb is the incident mass.

As an example, consider the reactions n + p going to:

+ N

X
a) Pug 1238

3
P) Poono * Mog00 |
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vhere the subscripts indicate masses, The 2 GeV case represents
a typical higher mass example. We expect for the peripheral processes
of iﬁterest that the important range of t will extend from tmin to
roughly 0.5 (Gev/c)z. Figures 1 and 2 show graphically the lab-
oratory momentum and angle distributions for the two examples at
these values of t.
For case (a) the laboratory kinematics depend quite strongly on
t, while for case (b) than do not. ~ Two general kinematic
features for {the range of N¥ masses and momentum transfers of
interest are illustrated in the figures:
(1) Particles moving at lab angles greater than about 135
degrees are relatively rare.
(2) For particles near 90 degrees in the lab, moumenta are
typically < 1 GeV/c, while at more forward angles the

momenta may be ssveral GeV/c.

[

- - o~ » - 4% = 3 e L . o~ -
the forward goling meson resonznce, the laboratory momsent
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Figure 1. Laboratory kinemetics for the decay A1258~>ﬂp: (a) for pro-.
duction in mp collisions at minimum t, and (b) for production with

t = 0.5 (GCV/C)E. The solid lines are momentum vectors in the labora-
tory for the proton, and the dashed lines are for the meson. The anglée
refer to decay angles in the cm. system of the A1238’ with zero degrees

along its direction of motion.



(o) 1= inmin,

> 0°

p (MeV/c)

BEAM _
“““““ -

Figure 2. Laboratory kinematics for the decay N#*

- H a) for
2000 ™ (a)
roduction in 7p collisions at minimum t, znd (b) for vroduction with
P P 3 JS

2 . . v s
t = O.S(GeV/c) . As in the preceding figures, the solid and dotted lines

are proton and pion leboratory momentum vectors.
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Figure 3. Lsboratory kinematics for the decay o — 2x: (a) for pro-
duction by baryon exchenge in np collisions at minimum t, and (b) for

production with t = ODS(GCV/C)g.
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2 Magnet

Figure 4 shows the proposed target spectrometer magnet, ahd
also indicates the targel position and beam direction. The shape
of the magnet poles and the position of thevtarget reflect the
three kinematic comments at the end of the last section. The magret
is made with the return yoke upbeam of the target to allow good
coverage of the solid angle region ﬁhich is most important, on either
side, and downbeam, of ‘the target. The béam reaches the target
through a hole in the return yoke. |

In setting the scale for the magnet we have tried tc keep the
field volume as small as possible. The mass resolution for the N¥
could be improved by using a larger and more expensive magnel, but
for a first generation experiment we believe ithe proposed design is
sensible. The pole tips are 0.6 m wide and 2 m long, and the gap
is 0.6 m, and the return yoke cross section has been taken as 1.33
times the pole tip érea. The weight of iron is about 150 tons, and
the weight of copper is about 4 tons for a power requirement of
1 megawatt, |

While the pole {ips are shown with square corners, 1t will
almost certainly be adventageous to shape the pole faces so thet
the field shape is as convénient as possible for computing particle
momenta from wire chamber dats. We cannot change the fact that the
field of fhe magnet Is almost all fringe field, but we hope to make
it a well-behaved fringe field with 18 Kg at the pole tips.
3. Detection system

Figures 5 and 6 indicate one possible arrangement of spark
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Figure 6. Viev along the besn line of the target spectrometer.
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chamberg and counters for the target region. The main requirements
on this apparatus are as follows:

1) Gamma ray detectors with almost 4 g solid angle} for
vetoing events with slow pi zeroes.

2) Charged particle counters‘with 4 v solid angle to deter-
mine how many charged particles are inyolved and to deter-
mine dE/dx for each particle.

3) Momentum measurements of the N¥ decay pfoducts and of slow
meson-resonance decay‘products, over as large a solid angle
as possible.

4) Position and angle measurements of fast, forward going,
meson resonance products (as pért of the forward spectro-
meter system).

In addition, the target must allow slow protons to escaps as

easily as possible. It is assumed thal the hydrogen cel

about 0.5 cm. in dismeter, znd that the Lotal material between ithe
hydrogen and ths first spark chamber is held to a minimum (about
.010" mylar, or eguivalent, may be reasonable).

The gamma ray detectors will be lezd-scintilla
counters. The scintillators forming the hodoscope Hl ars intended o

help determine the event topology and to measurse dE/dx. In some cases

the dF/dx information will h

D
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pions. This hodoscope is placed tehind the third wire chamber plane,
so thalt the momentum determination for slow protons will not be
affected by scattering and energy loss in these counters. he remainder

of the solid angle is covered by counters within the magnet gap, to
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determine that event topologies are appropriate bgfore the'spark
chambers are triggered.

Four planes of wire ghambers are used for measuring the momentum
of particles emitted betweeﬂ about 15 and 135 degrees in the lab.
Chambers 1, 2, and 3 are for low momentum particles, while chamber 4
1s useful at higher momenta, when the scintillators do not degrade
the measurement and when a longer measurement base line is néeded.

A wire "chaﬁber” is likely to be two or more-wire planes, so that
the final setup will ha&e a degree of'redundancy for éhecking and
for resolving ambiguities.

Wire chambers 5, 6, 7, and 8 are utilized for determining
momentum of forward going particles. Chambers 5, 6, and 7 will be
guite adeguate for the baryon resonance decays. For particles from
the meson resonance which are outside the acceptance of the forward
et

spectrometer magnet, chamber 8, in conjunction with the other tar
P g ) )

)

chambers, can provide useful data.

The size of the forward spectrometer is largely determined by the
target to spectrometer distance required to make the highly precise angular
measurement needed in the momenta of the forward going particles. To keep
the size of the spectromster to a minimum we have Improved the angulsr
resolution over standard éparﬂ chamber resolution by the use of a solid
state counter hodoscope. This hodoscope labeled H2 is intended to be formed
from two totally depleted surface barrier solid state counters, each with its

collector plate in the form of an array of individual strips 0.2 mm. wide.

m

Since the highest momentum particle are at small angles, the ares of thi



-19.

hodoscope might be 2 x 2 cm. The price of putting individual
preamplifiers on_each of 200 collector strips is not prohibitive,
and the spatial resolution of such a device is T 0.1 mm.

The hodoscope HS will introduce negligible error if the stan-
dard deviatién in wire chamber 8 is .3 to .5 mm., consistent with
current practice. However, 1t is important to achieve the highest
possible regolution at chamber 8, and various techniques for im-
proving the resolution will be studied for use in this critical

‘location. The other wire chambers are assumed to be standard
chambers, with 1 mm. spacing end + 0.4 mm. error of measurement.
4. Momentunm and Mass Accuracy

The magnetic field of the target spectrometer will be zssume

to be as showvn in Figure 7. The
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circulzar cylinders of infinite permeability. TFor the present, this
is an adequate beginning. A4s a further approximation, we will

ES s - + T
[%
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The gverage flux density at the pole tip, B , will be taken to be

18 kilogauss, so that Bl is 8.5 Kg and 32 is 2.7 Kg. We will estinmat

momentunm resolutions by assuming that three points along the particle

trajectory are determined.
Consider, as sketched below, the distance d which is a measure

of the bending of a particle in two regions of lengths L

4
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Figure 7.

curves are actually for pole

parallel cylinders (a two dimensional dipole field), while the

TWO - REGION
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Model magnetic field for the target spectrometer.
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o

tips in the form of infinitely permesble

are a simple aporoximation used in evaluating the momentum resolution.



In the approximation where the bend angles @l and 92 are

small, it is easy to derive the result

.1
150 172
d = *’I—)—*[EF*']';; }<LlBl+ LQBE)

are in meters, and

where p is in GeV/c, B is in webers/mE,Ll and L2

d is in millimeters.
If each coordinate 1s known with an uncertainty go, and these
are cowbined like random gaussianly distributed errors, then the

uncertainty in 4 is given by the expression:

Az PR

r Ly 2
€ = % l”‘LT‘-;-L +
L™ 2

€
d . cays N ,
The value of (~- varies within narrow limits for extreme values of
€

e}

the §aulo Ll/Lg:

(ed/eo)min = 1.22 Ly = Ly;
3 = 4 ]
(ed/co)max 1.41 L3> T, Ly >> Ty

At each wire plane we will assume an uncertainty of + 0.4 mm.,
A4

representative of good current wire spark chamber performance. At a

laboratory engle of 90 degrees, the uncertainty in momentum for
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wire chawbers 1, 2, and 3 is estimated to be

2) =5 =*t0.17 p, with p in GeV/c .
Plipz 125

For the 90 degree case we can also consider a three point measure-
ment involving chambers 1, 3, and 4. The longer baseline and
greater field integral help a great déal, giving an offzet distanced
about six times greater than in the first case. For chambers 1, 3,
and 4 the error is

BR) =&, = 0.030 p, with p in GeV/c.
e 134 134

Yor particles with directions other than 90 degrees, the path
length In the field increases, and the spark chamber errors also
increase because of the non-normal trajectories. However, st angles
of 30-45 degrees in the lab we expect a net imgporvement of =zboui a

1 above.

O
g
¢
el

factor 2 compared to the errors nof

3 E3

For particles abt angles between 0 and 15 degrees, cham

O
[0
w
o
M
-

-~
e

and 7 are assumed to operate In a uniform field equal 4o B leading

l)

to an uncertainty
8 = 0.010 p, p in GeV/ec.

For forward particles which reach chawber 3, the error is re-
duced by a factor of about 3 to
®.., = 0.0038 p, with p in GeV/c.

578

Thus far we have ignored any degradaticon in the momentum reso-
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lution due to multiple scattering. For measurements involving the
Torward wire chambers S, 6, 7, and 8 the multiple scattering is not
important because of the greater path length in the magnetic field
and the generally high particle momenta.

For measurements involving the system consisting of chambers 1,
2, and 3, the dominant effect of multiple scattering comes from the
material of chamber 2. For measurements with chambers 1, 3, and 4,
the dominant effect comes from the counter hoéoscope behind chamber 3.

We will assume that chamber 2 scatters like 1.6 x 10-3 radiation
length (about .025" of plastic), while the hodoscope scatters like
2.5 x 107 r.1. (ebout 1 cm. of plastic). For pions, the multivle

scattering errors are as follows

(6123) = .015
ms

(6134) .030 ,
Ynms

while for protons, with lower velocities the errors are larger. TFor

300 MeV/c, 500 MeV/c, and 1000 M@V/c protons the errors are as follows:

300 MeV/c 500 MeV/e 1000 MeV/c
<8125) .05 .03 .02
1 . .04
(6134) 10 06 0

Depending upon the momentum, the multiple scattering or the geo-

£ 2 =t

mebrical uncertainties in the momentum determination may be most
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important. Flgure 8 shows the net estimated momentum uncertainties
for the (1, é, 3) and (1, 3, 4) determinations at lab angles near
90 degrees.

'Figure 8 shows that for a large range of momentum, up to about
2 GeV/c, the relatlve momentum error is about S5%. A rough guess
would be that the Q Value of a two body decay into particles of
momentun < 2 GeV/c could then be determined to about this accuracy.
A detailed study of the examples shown in Figures 1 and 2 has con-
firmed this expectation. The average mass resolutions found were

6% and 4% of the Q-values:

For W¥ AM = + 10 MeV; and for

1038

N¥ AM = + 40 MeV.

2000’

Furthermore, the resolutions are only weakly devendent uvcon the N¥
decay angle iIn its rest frame or on the t values.

In the estimates of mz

1]

s resolution, we have included multiple
scattering in the targst and wire chambers, inasmuch as it leads %o
an uncertainty in the angle betwesen the two decay products, which
leads to a mass uncertainty. However, the effect of this scattering
is negligible, because 1t is only severs for low momentum protons
whose influence con the mass is minor.

For a plon-proton systsm the mass determination depends upon
correctly identifying the pion and proton when their lab moments

are significantly different. In this case, their lab angles enable

the identification to be made unambiguously. Of course, for px
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Figure 8. Fstimated momentum resolution for the target spectrometer. The
fractional error (& p/p) is given as a function of p for particles woving

o - . \ .
at 90" in the laboratory (which is the worst case). Results are shown Tor
spark chambers 1, 2, and 3 and for chambers 1, 3, and 4.
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staltes the charge immediately determines the perticle identities,

The dE/dx information from the scintillation counters will be most

important for distinguishing mo from sw states and for distinguishing

Kp from #p states in favorable cases.
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C. Forward Spectrometer

Figure 9 shows a plan view of the forward spectrometer. We intend to
accurately measure the momentum of particles emitted between zero and 30
degrees, taking account of the fact that high momenbtum particles from
meson resonances with mass up to about 4 GeV are mainly contained in a
narrow 5 degree cone. Figure 10 shows the kinematics for po decay and
for the 3x decays: X =%np. We will defer consideration of the three-
body final states until the end of this section and emphasize the two pion
decays first. The wp kinematics are essentially identical to nx kinematics
for masses of 2, 4, and 6 GeV.

The forwerd spectrometer megnet is intended to be a standard H-magnet,
with pole tips two meters long and one meter wide. We have assumed a gap
of 0.5 meters and a field of 18 kilogauss. At a sacrifice in counting rate,
but not in any other important respect,‘the magnet gap could be reduced.
For high momenta, the spectrometer utilizes the forward magret and wire
chermbers 5, 8, 9, and 10. The solid state hcdoscops H2 is expected to
provide better spatial resolution than chamber 5, but in what follows we
leave this as a factor of safety.

¥or moderate momenta, chambers 5, 8, and 9 provide good accuracy,

wnile the target spectrometer magnet and chambers 5, 7, and 8 are used

-

for particles which miss the forward spectrometer aperiure. If an accurascy
of T 0.5 mm. is assumed Ffor all wire chambers, then the momenium errors

for various combinations of wire chambers are as follows (with p in GeV/c):
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Figure 10. Laboratory kinematics for plons from verious

a meson resonance with lab energy esgual to 100 GeV.
values of ©% refer to meson angles in the rest frame

o . . - L.
0" along the direction of motion.
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55,7,8 = (0.35 p)%

5558’9 =  (0.068 p)%
, = q,

65)8’9)10 (0.013 p)%

For a two body decay, the mass is givén by the following formula:

2 2 2

M T =M+ M, o+ E(ElE2 - PP, COS ng),

or approximately:

2; 121 >> Ml; o, >>m .

2 2
for 0 << 1, M ">, M 5

2 2
Mo PPy Op s 2

The mass uncertainty in the small angle case is quite simple:

A N 2@1\2 <Ap2>2 ABD 1/2
=) - [ )@

AM
Figure 1l shows the general result for«~ﬁ§- and indicates that the small
X

angle formula gives a good estimete over the entire region of interest
here.

Typilcal mass resolutblons whicn will be attained with this spectro-
meter have been evaluated assuming the pion momenta are in the ratic 2:1.

They are as follows:

Y W

M Qywx/nx), A
.75 MeV 1.3% 10 MeV

2.0 MeV 0.9% 18 MeV

4.0 MeV 0.7% 28 MeV




X

Figure 11.

expression for (AM/M) for 2x decays.
the coefficients of A and B are

the coefficient C is determined

The coefficients

of the monentum

To use

and angle uncertainties

4
[}

he formula given in the gragh

for the momentum of either pion.

determined for the two pion momente,

in the
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These mass resolutions are valid for any case where both decay
mesons enter the forward spectrometer magnet. For mesons oubside this
aperture with momentum less than about 5 GeV/c, the estimates are still
good. Thus, referring fo the kinematics shown in Figure 10, fof masses
up to about 2 GeV the good resolution applies to the entire range of
decay angles in the Mx cm. system. At higher masses, part of the avail-
able solid angle suffers from reduced mass resolution, but up to a mass
of 4 GeV less than half the total solid angle is affected.

This cbncludes our discussion of the two pion decays. TFor the three

pion decays the situation is much more complicated, especially if one of

[

the pions is neutral. We dismiss the charged pion case as not appreciabl
P g ¢ ¥

-

different from the two pilon case except for some reduction in useful id

L]

o

angle. For the case of two charged pions and one neutral pion, the case

of symmetric 3-body decay at 90 degreses in the cm. system has besn taken

as typical. The mass resolutions are as follows:

M —= AM

0.78 MeV | (6.7)% 52 MeV

2.0 MeV 2.0% 40 MeV

4.0 MeV 1.8% 72 MeV

The calculation in this case involves utilizing the observed transverse
momentum of the charged pions, or a knowledge of which gamma ray is more
energetic, to remove the ambiguity in determining the meson direction from
the gamma ray directions. For very low massesg the resolution becones

particularly poor. The decay geometry for which the resolutions were cal-



culated is neither the most favorable nor the worst, so these are re-
presentative values; subject to variabtion by at least a factor of 2

over the range of possible decay kinematics.
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D. - Gas Cerenkov Counter

The general layout of this counter is shown in Figure 12. It
consists of a 10 meter long gas radiator, a 3 meter by 1.5 meter con-
cave mirror and eight 2" photomultipliers. All the light produced by
varticles with a ﬁomentum higher than 10 GeV/C and within the production
cone accepted by the forward spectrometer is focused on an area
26 cm. x 3 cm. The optics are arranged in such a way that there is a
fairly good correlation between the particle momentum, its charge (sign),
and £he position on the photomultiplier plane where the light is Tfocused.
This arrangement permits the simultaneous and independent measurement of
the Cerenkov light produced by two particles with opposite charge, or with
the same sign of charge, but significantly different momentum (20 GeV/c and
40 GeV/c, for example),

The n-1 (index of refraction minus one) for the radiator is 10"4 for
a pion threshold of 10 GeV/c and 4.5 x 10 for a threshold of 15 GeV/c.
These low indexes will be obtained by using a mixture of helium and argon

at atmospheric pressure, so that the gas container only has to be light

[
n
pes
H
0]
)

(6o}
[
a2
=3
oy
@]

tight but does not have to have'any significant mechanica
3 meter by 1.5 meter concave mirror will be made as a mosaic of smeller
front surface plane mirrors.

In order ‘o work comfortably down to the one photoelectron level, we
will use RCA C31000D photomultipliers. These tubes, with their high-gain
first dynode, haye extremely low dark current (~800 counts/minute at 1/20
single photoelectron output), and their abllity to distinguish between one,

two and three photoelectrons providesg a very reliable self-calibration of

the system.
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In order to estimate the performance of the counter the Cerenkov
light spectrum has been folded over the published response of the RCA
C31000D photomultiplier. bFrom this calculation, and from the usual theory
of Cerenkov emission, we can write the following formula for N, the number

of photons per meter:

m\ 2
N = 10% L -t - (g)g p.c./m.
D, D

The quantitieszk;and m, represent the threshold condition for which the

t

counter is adjusted, with P and m, the momentum and mass of a particle

t
at threshold. The ratilo (pt/mt) determines the maximum photon yield per
meter Nmax’ the index of refraction n, and the maximum Cerenkov angle
according to the formules below.

m\ 2 /o \ 2 m

L DI ) ‘ -
max 2 ;o (w-1) = 2\p, / ° B

>

At 100 GeV/c, a reasonable operating point for the counter is with
the threshold at 15 GeV for pilons. Figure 13 shows the number of photo-
electrons as a function of pion and kaon momentum for this case. The
it - K separation becomes most dii
shows the differential and integral vhoteoelectron distributiorns at 70 and

80 GeV/c, The integral probsbilitles are for greater than the indicated

number of photoelectrons for pions and less then the number of photcelectrons
for kaons.
In discussing threshold pulse helght criteria for the counter, we en-

vision establishing the criteria after the wire chambers have been triggered,
L) <O P

K
=]
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Figure 12. Schematic view of the gas Cerenkov counter. Tne beam direction
is from left to right on the figure. The large mirror is actually a mosaic

of smaller plane mirrors.
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Figure 14. Differential and integral distributions of N, the number of
photoelectrons from the gas Cerenkov counter, for plons and kaons at

70 and 80 GeV/co The counter is assumed Lo operate al a pion threshold
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of 15 GeV/c.

g0 Gev/ec
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s0 that momentum-dependent criteria are possible. Purthermore, the
pulse height will be recorded for each phototube, so that different
criteria can be set de?ending on the purposebof the data analysis.

If it is desired to select plons, Figure 14 shows that a threshold
of 9 photoelectrons at 80 GeV/c gives 55% pion efficiency and 6% kaon
efficiencyo Even at this high momentum the counter performs usefully, and
of course the x-K separation becomes much better for lower values of mo-
mentum. Pulse height priteria can confidently be established with good
precision, becagse for momenta between pion and kaon threshold the
Cerenkov light is known to come from plons. The response of the detector
is therefore continucusly calibrated by pions over a wide range of particle
trajectories during the data collection.

There are three types of two-meson combinations which the counter is
intended to identify: w-x, w-K, and K-K. To select n-x events the thresh-
old will be set low below the momentum which corresponds to K-threshold,
and relatively high sbove thils momentum, to winimize the chance that a K
appears to be a w. For the x-K state the threshold at momentum above X-
threshold should be set relatively low, to minimize a chance that a pion
is identified as a kaon.

The table below gives examples of the relative efficiency for rscord-
ing some two-body resonances if momentum and pulse height criteria are
appried so that the Cerenkov counter gives g ratio of 10:1 or better for

detection of wanted vs unwanted particles. The efficiencies are calculated

for an isotrovic decay distrivution of the two-meson state.



bitus Kt KX

P MH;SO% - -

K* (890) - ' 60% -
) - - 100%
Mass = 2000 60% 40% 40%

In order to distinguish protons from kabns, the counter must be
run at a higher index of refraclilon, whiéh is accessible without ex-
ceeding a pressure of one atmosphere. Good separation can be obtained
for a wide range of proton momentum. The index also must be raised, for
bean momenta below 100 GeV/c, and the counter performs betier becauss of
better photon statistics. The photon statistics bécome worse at higher
~moumentum, assuming counter operation with correspondingly higher pion
threshold. However, for extensive running at momenta near 200 GeV/c it
will be possible to double the length of the counter, since the imporiant
region of forward sclid angle is about half that for 100 GeV/c. For dis-
tinguishing protons from mescns near 200 GeV/c, the standard 10 meter

configuration works quite well.
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TV. Run Plan

A. Beam Intensity

The maximum beam intensity is determined either by the allowed
accidental rate of old tracks in the spark chambers or by the available
beam, whichever is lower. In calculating the accidental rate we have
made the following assumptions:

1. g spark chamber sensitive time of 2 microseconds;

2. a total p-p cross section of 40 mb.;

3. a total w-p cross section of 25 mb.;

4. an acceptable accidental probability of lO%;

S. a beem spilll length of 1 second.

As a prototype beam, we have used.tﬁe 2.5 mrad bezm described by

Reeder and Maclachlian in the 1969 Swmmer Study report S5S-41, We have

. ‘o . . .12
assumed beam intensities per pulse as given in thait report, for 3 x 10
protons on targat, subject to the accidental rate limitation. The besn

momentum spread has been teken as 0.5%. The table below lists the

resulting intensities.
Beam Intensity per Pulse

Energy Sign P T K
50 + 7 x10° | 2x10® 3 xa0°
 GeV
A 5 4
- 2 x 10 2 x 10 3 x 10
100 + 1.2 x 10° |2.6 % 10° | 2.1 x 10%
GeV
- .7 X 104 2 X 106 2 x 10~
6 4 3
150 4 1.2 x 10 .6 x 10 2 x 10
GeV
- - DX 106 5 ox lO4




For an arbitrary cross section of one microbarn, the beam inten-
sities of the preceding table have been converted to event rates. A
target length of 30 cm. and an overall detection efficlency of 10%
(which we believe is conservative) were assumed. The table belOW'givéS

the resulting rates.

Event Rates per Hour

(1L yb cross section and 10% detection efficiency.)

Energy | Sign P 7 X
50 + 50 140 60

100 + 800 18 1.5

150 + 800 42 14

B. Run Plan.
The equipment can be operated in the following modes:
. -
1. Beam polsgrity =
2. Cerenkov index of refraction set for x-Xp or :K-p discrimination
denoted by n mode or p mode (as discussed in Section II-D).

3. Trigger electronics set for diffractive or non-diffractive

processes, denoted by D or ﬁ (as discussed in Section TT-A).
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A short description of each mode now follows:

14 ﬁ - This is expected to be the main mode of operation, from

1

which the bulk of the physics is presently expected to

Come .

-

P ﬁ - This ﬁode, in which protons are distinguished from mesons,
has a dual purpose:' to study baryon exchange reactions
and pp states, and to evaluate backgrounds from fbrward
baryons in the K and KK dsts taken in the preceding

mode.

[

A

w}
!

In this mode we will study n-~p diffractive processes

which are expected to have much higher cross sections

than the other reactions of interest.

T p D - In this mode we will study p-p and p-p diffractive
processes.

One of the most important aspects of the proposed experiment is that

the physics results will be avsilable on line., Since we can hardly predict
1% : L

with certainty what we will find, a2 run plan formulated at this time is a

v}
o
on
m
=
4]
(B
-t
m
o
et
D
.

first guess, subject to change as soon as preliminary dat
5 dJ ) IS J
Table I gives cross section estimates for processes that are typical

of the ones we want to measure. Availsble data at the hig!

been extrapolated to higher energy as a power of lab beam momentuwn., It

¢ ghne g3 ¢
seens from this table that a reasonable preliminary goal is to obtain a
few thousand events per micrcbarn cross section (except for events from

incident K's). A proposed run plan for the various modes of operation as

well as various beam energies is given in Table IT.
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Table IT

Proposed Running Plan (time in hours)

Mode
Fnergy | + « D|+PD|+x Pl+P P -xD|-PD|-x¥
50 3 3 30 3 ‘2 2 20
100 10 10 100 10 10 10 100 10
150 S 5 25 25 10 i0 100 10
Total number of hours: 515.




Table III

Number of events collected corresponding to the running plan in Table II.

Energy {Beam | + T D |+ PD | +1 ¥ |+ PP ~-7D| -PD {~71} | ~-PY
(I mb) | (L mb) | (L ub)[(L ub) § (1L mb)] (L mb)| (1 wb)| (1 ub)
p 15K 15K 1500 [150 1400 | 2800 28 ——
(6V) (1) (L)
50 T ‘15K ? 4200 {420 14K ? 2800 280
GeV (1) (2) (1)
K 15K S 1800 |180 2K —— 40 4
¢N : (L)
P 28K 28K 80K 8K —— 5000 500 —
(2) )
100 T 28K ? 1800 [180 28K 2 14K 1400
GeV (2) (2)
K 9K e 150 |15 11K e | 1400 | 140
(6) (8) |
D 14K 14K 20K 20K —— - ——— —
(H
150 7 1600 ? 10 10 14K ? 3500 350
GeV 2) (1
K 280 — 3.5 3.5 2100 | —eem 35 3.5
(2) (9)
*

In these cages the trigger will be saturated.

We have arbitrarily chosen

to run on eacn particle the number of hours shown in parenthesis under the

number of events.
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The number of events for the various modes,; beanm particle types,; and
energies is given in Table ITI. For the diffractive mode Qf operation the
nunber of events per millibérn is given, while for the non-diffractive the
number of events per microbarn is given.

We estimate that a 30% overhead has to be added to the data taking
time. This overhead takes care of the time required to charge operation
conditions, checks and failures. A setup and testing time of four weeks
running with reduced beam intensity in a parasitic fashion is also re-
quested.

Summarizing the time requested we have:

Setup and testing 200 hours (over four weeks)
Data teking 515 hours

QOverhead 150 hours



C. Data Analysis

A Bigma 2 computer will be used to read in and analyze dats from the
target house and the forward spectrometer. The software and hardware for
this computer is presently being developed for use in & hybrid bubble,
wire chamber experimeﬁt approved for running this year at SLAC. The present
configuration of the Caltech Sigma 2 system 1s:

(a) 20K core memory with the last 4K having an external port

(b) Random access disk with a .75 M byte capacity

(c) 2 seven track tape drives

(d) 400 cpm card reader

(e) 250 lpm line printer

(f) CR

=

display with vector and character generator

(g) 16 priority interrupts

(h) Interface to electronics for 12 wire chambers.

The priority interrupls are essentisl for real time control of the experi-
ment. The external memory vort will allow for rapld transfer of dsta into
the counputer.

In order to estimate the on-line analysis capability of the Sigme 2,
we reviev some of the relevant time intervals set by the apparztus and he
accelerator. Our wire chamober system is capable of accepting 1 event every
50 ms. Over the duration of the beam spill we typically expect to accumulate
apprqximaﬁely 10 events. There 1s an additional 4 sec. between the end of
a beam spill and the start of the next. Within this framework we feel thai
the following analysis will be possible.

8o During the 50 ms interval between events, data from the counter

hodoscopes, wire chambers and Cerenkov will be resdout. Based on our



estinates of time requirerents in the hybrid experiments we feol

that 15 ms will be sufTicien’ “ime to det

ine the mass and momentun
of the Forvard going system with geod precigion. I% should therefore
be possible to have on-line information aboul the momentum and mase

of the forward goirg system for each event. This will be an imporiant

mt
cF

feature of this experiment inasmuch as we anbticipate a large amount of

data con various reactions, which vill meke the conventiornsl anelysis
J

of multiparticie reactior (geometry reconstruction ard kinemstic

) prohibitive. This information will allow us Lo selecch orly

“events of interest For further aralysis.

b. We will attempt to measure the momentum of ths target house

particles Tfor gt least a limlted sampie o7 the data. It
to estimate The Uime regulrermesnt to messure the particle trajscheries
through & aighly non-unifcrm wmagnatic fleld, If the time estimates

for the forwerd partlcls measursnonbs are correct, we wlill have stoub

sampling of the data while the experiment is in progress. This will

be Important in mexing decisions egbout the run tlen of the experiment

Finally we note that obther facilities will be availlsble fo fo oif-line
ysis of “he date ir a more refined fashion. These are the T %80/44

360/75 at Caltech and the IR 3560/91 at UCIA.
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IV. FEauipment Required

We prdpose to provide all the experimental equipment for this
experiment except Tor the two magnets, the hydrogen target and the Cerenkov
counters associated with the identification of the besam particles. Caltech
will furnish all the electrbnics, spark chambers and computer system; UCLA
and Caltech will assume the responsibility for the hodoscope counters.

A list and short description of the main items furnished by us follows.

1. Counters

a) Scintillation hodoscope
H 2x (.75 m x 2.5 m) use 20 - 2" pm's
H, (:3mx .6m) wusel8 - 2" pu's

b) Shower-Veto - These are made with two layers of lead and

two layers of scintillators.

Shl .S5mx2mn use 4 - 2" pm's
Sh 2 2.5mx3n use 30 - 2" pm's
Sh 3 2mx4dm use 16 - 2" pm's

c) Solid state hodoscope (H3)
This is made by two totelly depleted surface barrier solid
state counters, each with its collector plate in the form of
an array of individual strips 0.2 mm wide. The area of this

hodoscope is 2 cm X 2 cnm.

d) Gas Cerenkov counter - This counter has been described in
Section II-D. It consists of a 10 meter long light tight

box, a 3 m x 1.5 m mirror and around eight 2" photomultipliers.



Wiré Spark Chamber

A1l are standard magnetostrictive readout wire chambers
except for those inside the target magnet. Tﬁese, due to the
stroné magnetic field, will use capacitive regdout or will have
the chamber wires extended outside the strong field region so
ragnetostrictive readout can be used. The number of chambers

and their sizes are listed below.

S mx .5nm 3
S mx1l.25m 2
Jdnx JOom 1
i mx 2 7
2mx 2m 10

Fast ¥lectronics

The Caltech group owns a large assortment of fast electronic
models that will be more than sufficient to operate this expsri-
ment.
Computer and Interface

o
L

A Sigms 2 computer with a complete set of periphersls and
interface as described in Section III-C will be provided by the

Caltech group.

The main items to be furnished by NAL are:

lQ

Target - A 30 cm. long, %-cm. diameter cell with .010" wylar

entrance and exit windows.



-

Target Magnet -~ This C‘magnet should have a gap size at

QGG mx 0.6 mx 2mn with 18 Kg at the pole tip. This magnet

is described in Section II-B-2. We feel that this magnet can be
constructed relatively inexpénsively by‘uéing flame cut armor
plate in the return yoke.

Forward Spectrometer Magnet - This is o standard H magnet with
a gap of 0.5 mx 1l mx 2m with a field of 18 Kg.

Power supplies to run the above magnets.

Beam Requirements - Unseparated beam of both polarities with the

following characteristics:

Intensity 3106 /pulse
Diameter 1 mm
Divergence S 3 my

£p + 0.5%

b

The small divergence and size reguired can easily be relaxed

-

by adding small besm hodoscopes.
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ADDENDUM TO PROPOSAL 54

A. Introduction

Since we submitted our original proposal we have had some further
thoughts about the physics justification of our experiment. In addition,
some of our ideas about the experimental design have been modified. We
have also participated in an NAL workshop on multiparticle detector systems,
with the result that our group, along with groups from Northeastern-SUNY
and Chicago Circle, is proposing to construct a system appropriate to gll

of our experiments.

B. Physics
As briefly outlined in Section I C of our proposal, we plan to
study wx and Kn scattering by Chew-Low extrapolation for reactions

dominated by one-pion-exchange (OPE), such as

tp = (%) o™t (A1)

ktp - (xTx7) o™ (a2) .

We want to emphasize here that these reactionsare more appropriate for a
study of = and Kn scattering than are reactions with a final state proton
or peutron at the nucleon vertex.

The reason for the preference of reactions in which tpe final state
baryon is a A instead of a nucleon is the presence of theaff/(t-me) factor
in the OPE amplitude for the latter class of reactions. The*J% factor starts

to depress the OPE amplitude in the small t region where OPE should be dominant,



and the amplitude does not get as large as it could. In the case where the
final state baryon is a A, theAJ% factor is not present, and the OPE
amplitude reaches full strength with the l/(t—mi) pole term.

There are several experimental facts which confirm the contention
that A reactions behave more like what one would expect of OPE reactions.
One has to do with the measurement qf the poo density matrix element in the
po mass region of s reactions. This matrix element should be 1 if simple
OPE is assumed. For reactions in which the final state baryon is a nucleon
1)

p__ is measured to be =~ 0.5,(

00 while in A reactions Poo is measured to be

0.95.(2) The'same holds true of corresponding Ky reactions. One usually
blames absorption effects (i.e. final state interactions) for the failure of
the measured Poo to equal 1. From this one can infer that these effects are
not as important in the A reactions.

Other evidence which supports the superiority of A reactions comes
from estimates of the A, contribution to reactions with a (x"x”") final state.
In order to do this, one can compare «N -aSN with 7V — w°N. The latter
reaction, which involves p exchange, measures the A2 contribution if the p
and A2 are exchange degenerate. In this way; i —» w°N is used to estimate
a 25% A2 contribution to the amplitude in 7l —= p°N. When the final state
is a A, the same technigue leads to an estimated A2 contribution ~ 10%. (3)
Similar results are obtained for the B exchange contribution in comparison
with pi-exchange for reactions with a (Kx) final state. The A decay density
matrix may also provide a significant indication of whether QPE in fact is
domina:t.

In order to most advantageously study reactions like Al and A2, it

is necessary to go to energies higher than presently available. The reasons



for this are kinematical. At very high energies, the ﬁ+ from the A++ has
an gppreclably smaller lab momentum than the n+ from nwt scattering, and
thus the two will not be confused, as they can be at present energies.
Furthermore, high energy enables the A reactions to be studied at suffi-

ciently low values of t, even for sy or Ky masses > 1 GeV.

C. Experimental Techniques

At the NAL workshop, it was made clear that the 80 GeV, 15 mr.,
beam was the most likely one to be available for this experiment. Since our
original proposal contained rates estimated on the basis of a 2.5 mr. high
energy beam, we have prepared a revised table to replace that appearing on
page 34 of the original proposal. The table, given below, is based on the
12

same considerations as before: that the beam is produced by 3 x 10

protons per burst, or fewer when accidentals limit the usable intensity.

Event Rates per Hour (Assuming a 1 microbarn cross section and

10% detection efficiency)

Beam Particle

Energy Sign P 7 K
40 + 50 70 5

- 8 140 6

80 + 80 30 4
- 1.4 20 1.4




*
The beam yields were from a Hagedorn-Ranft calculation , for
ASY

> = + .4%, and the resulting rates in the table above are not grossly
different from those at 50 and 100 GeV/c for the 2.5 mr. beam of the
original proposél. The 80 GeV n rate is the only one which has been
seriously reduced. The K and antiproton rates are generslly better than
before, as is the 80 GeV ﬂ+ rate. The predicted beam optics are also guite
satisfactory.
A possibility discussed at the NAL workshop was that a single large

magnet might be built to suit the needs of a number of experiments. A
consensus" developed at the workshop was a magnet with 2 x 3 meter poles
and a 1.5 meter gap. Were such a magnet to be built, this'experiment could

be performed with it alone, using it in the following configuration?
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Compared to our initial proposal such a magnet is a far superior "target
spectrometer,” and a somewhat less effective "downstream spectrometer.” With
or without this magnet, we have come to favor such an adjustment of the
relative effectiveness of the target and downstream magnets. The consensus
magnet would be very satisfactory for our experiment, but is by no means

essential.

If the consensus magnet is not built, we propose to do our experiment,

A. Wehmann, private communication.
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as originally, with two modest magnets having a total field volume of about

1.5 cubic meters. They might easily be identical, similar to Brockhaven's
48D48's. We remain certain that the variety 6f interesting physics discussed
in our proposal can successfully be explored with such a relatively inexpensive
system.

In modifying our views of thg relative importance of target and down-
stream magnets, we have been particularly influenced by the ideas put forward
in proposal 35. Given the possibility of determining an accurate transverse
momentum balancé, and very precisely measuring angles, -the downstream spectro-
meter can be made much smaller. Furthermore, the mass resolution for two and
three body forward . resonances which involve a 7 is enhanced, while the
resolution for states with all charged mesons remains excellent. A better
target spectrometer, and a small beam-angle hodoscope, can provide the needed
transverse momentum accuracy. A larger target spectrometer has two further
advantages: it is easy to maintain good mass resolution for the "target"
resonaﬁce ai higher momentum transfers; and the momenta of pilons emitted
backwards in the rest fram@of fast forward resonances are better measured.

It has been emphasized by the Purdue group that high mass boson
resonances may have high spins, and therefore decay with angular distributions
strongly peaked fore and aft in their rest frames. Excellent mass resolution
can be obtained in such decays by accurately measuring the angle and momentum
of #he backwards emitted meson, which has a relatively large angle, and a low
momentum, in the laboratory system. A target spectrometer‘magnet with a
larger(value of [B dl will do a better job on these mesons. |

A final experimental item is that we now propose to measure the
interesting cha.ge exchange reactions, like K—p.—éﬂQQo in collaboration with

the Caltech group who will be involved in the measurement of n p ~*ﬂon. The
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same gamma ray detector can be used, on conjunction with the target

meter of our experiment.
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